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Abstract

This research project was focused on the Product Mix Analysis of a Medical
Device manufacturing line due to a customer complaint. Product mix is
manufacturing defect and i1s defined as a mix of components/ assembly
product 1in a batch or mix of different batches of the same component/
assembly product.

DMAIC methodology was used in order to find a root cause and implement
a corrective action in the product mix defect. DMAIC is a five-step method
for 1mproving existing process problems with unknown causes[1]. The
phases or stages of DMAIC include Define, Measure, Analyze, Improve and
Control.

In this case eliminating the product mix defect in the manufacturing line,
will increase the yield, eliminate customers complaints for product mix defect
and reduce rework.

This research seeks to eliminate product mix defect. The importance to
eliminate this defect will reduce rework, customer complaints, increase the
customer satisfaction and maintain product compliance.

Introduction

Medical device manufacturers contribute to human welfare by application
of biomedical engineering 1n the research, design, manufacture, and sale of
instruments or appliances that alleviate pain, restore health, and extend life.

Focusing on the Quality to comply with requirements and customers
satisfaction, there are a lot of challenges in the manufacturing line. One of the
challenges are the customer complaints received about Reservoir product.
The Reservoirs are a disposable single use medication container intended for
use with the external infusion pump. The reservoir system consists of a
hollow barrel and movable stopper. A removable plunger rod 1s attached to
the stopper in order to fill the reservoir. The reservoir 1s placed 1n an external
infusion pump and attaches to an infusion set by means of a proprietary
tubing connector instead of a standard Lure connector.

Customer complaints are the customer’s way of expressing their
dissatisfaction towards your product, service, or any other business aspect.

This research project will be focused on eliminating and implement
preventive and corrective actions of the product mix defect on the Reservoirs
manufacturing line to reduce or eliminate customer complaints.

Background

During a complaint verification of a product mix of reservoir product,
additional evaluation was requested since reported complaint could
potentially be originated at the manufacturing process. Customer reported
receiving a box of X size of reservoir product with one of ten Y size of
reservolr product in the box. The customer was unable to fit the reservoir
inside the X size pump’s compartment.

Product mix defect 1s increasing in reservoir manufacturing line.
Customer complaint was received, the size of a reservoir does not match
the size specified in the customer box. There are 2 sizes (X and Y) of
reservoirs product on the manufacturing line. The manufacturing process
of the reservoir product requires a constant change over of these 2 sizes
due to the receiving demand. With a decrease or elimination of product
mix defect, customers complaints for this defect will reduce or eliminate.
In the next investigation, will be implemented the DMAIC methodology to
achieve the goal of eliminate product mix defect to avoid customer
complaints.

Methodology

The DMAIC Problem Solving Approach is a process improvement
methodology based on the Six Sigma approach that helps to improve
business processes and products. It 1s used to i1dentify, analyze, and solve
existing processes that are inefficient or ineffective. The approach breaks
down into five phases: Define, Measure, Analyze, Improve and Control (See
Figure 1). Each phase builds upon the previous one to identify potential
solutions for the problem at hand. With this method, organizations can focus
on eliminating waste and defects while improving customer satisfaction and
profitability.
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Figure 1
DMAIC Methodology

Define

The purpose of the Define phase 1s ultimately to describe the problems that
need to be solved and for the key business decision-makers to be aligned on
the goal of the project[4]. At the beginning, you might not even have
identified what problem to work on. You’ll often use DMAIC tools like
Pareto analysis and Supplier-Input-Process-Output-Customer (SIPOC)
diagrams to help understand which problems are leading.

Measure

The Measure phase 1s about creating and developing a data collection plan
for the process. Feedback from people who make products, feedback from
customers who use the products, and how the product is processed are ways
to collect data to determine how defects are created. The team also looks at
business growth strategies. In this phase, the problem statement and project
contract are frequently refined as a result of establishing an accurate baseline
for the metrics being targeted. This 1s also known as the data collection step.
All relevant data, important for the product, and the processes followed to
manufacture the product are collected at this step.

Analyze

It 1s the analysis of the data collected in the previous phase. It 1s important
to analyze the feedback given by customers, as they are the end users of the
product and for what the product needs to meet their needs. At this stage, the
root cause of the problem i1s i1dentified. A process chart, here, helps the team
understand where the product's manufacturing process has gone wrong. Gaps
between present performance and desired performance are discovered in this
phase, along with sources of variation and possibilities for improvement.

Improve

During the analyze phase, your understanding of the process will have
solidified so that you know what changes to make to improve the process.
During the improvement phase, you’ll make sure to deliver those
improvements to the full process. Innovative solutions are developed during
the Improve phase 1n order to establish and implement the strategy.

Control

The Control phase seeks maintain and sustain what was implemented. It’s
critical that make the improvements part of the standard operating procedure
for the process. A control plan will be developed that describes the new
process, and the implementation of a monitoring plan that lets you verify that
the improvements are stable.

Results and Discussion

Define

In order to determine the problem statement, the goal of the project,
benefits and the metrics that will be defined, Project Charter tool was
performed as part of the Define phase. See Table 1.

Table 1
J Project Charter
L mmeiei
Project Name: Product Mix Analysis in Manufacturing Line
Process Impacted: Reservoir's Assembly Process

Problem Statement: Various complaints were received for
product mix defects for reservoir assembly product. These

complaints cause a negative impact in the customer satisfaction.
Also, product mix defect increases the cost of manufacturing
due to rework, investigation and scrap of the product.

Goal: Mitigate and eliminate the product mux defect in the
reservolr manufacturing line.

Benefits: Eliminate future customer complaints, reduce
rework, scrap and labor cost.

Metric Definition: Product Mix Defect

Measure

In order to determine customers’ needs and inputs and outputs of the
process, Voice of Customers tool and SIPOC tool was performed as part of
the Measure phase.

Nonconformities of the process are documented in the Device History
Record (DHR) of the batch. All nonconformities were validated, and
manufacturing personnel were trained in the process that are executing.

In Table 2 and Figure 2 below, Voice of Customers and SIPOC results are
showed.
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The voice of customer shows us what are the needs of the customers. The
concerns or complaints about the product 1s that in some cases they are not
receiving the product as requested or described in the packaging box. There
are various opportunities 1f the manufacturing process that could help with
the customers’ requirements. These improvements will be very beneficial not
only for the projects but also to increase the satisfaction of the customer.
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SIPOC

From the SIPOC analysis it can be determined that the customers want the
specific reservoir model from the manufacturing. Also, avoid any
nonconformity. The customer wants to receive the product without defects.

Complying with customers’ requirements and needs, will be achieve a
better customer satisfaction and maintain the customers with the company.

Analyze Phase

A report of defects was executed with the intention of obtaining an
indicator of which process step of the reservoir manufacturing process 1is
causing the product mix defects during the assembly (See Figure 3). This
reports along with the customer complaints, will help to identify those
requirements that are causing problem and will help to identified which sub-
process needs to be worked in order to achieve the goal of zero (0) product
mix defect or complaints for reservoir assembly process.
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Figure 3

Reservoirs Defects by process

It 1s observed that the product mix defect was originated at the packaging
process. Customer complaints were evaluated, and 1t could be inferred that
the cause of the defect was created as found in the report.

In order to reduce defects a 6M Fishbone Analysis (Manpower, Methods,
Mother of Nature, Measurements, Materials, Machine) or cause-and-effect
diagram was generated to determine the potential contributors to reduce
product mix defect (See Figure 4).
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Cause and effect Diagram (Fish Bone Diagram)

The analysis of the data collected shows that the training, lack of instructions
on procedures, machine controls, storage, reworks and inspections are the
major contributors.

Improve Phase

According to the contributors, the following updates and
implementation of controls were pursued in the reservoir manufacturing
process in order to eliminate or avoid product mix defect.

e Eliminate reclaim process from Bolus and Basal test

e Improve sorting activity for Product Mix defect adding another 100%
visual inspection (200% visual inspection).

e Clarify visual inspection of reservoirs inside of blister packs to detect
Product Mix.

e Replace stainless steel guard by Lexan (transparent) to facility Line
Clearance Procedure on packaging lines. Include instruction to perform
inspection of this area.

e Modify Kanban area to separate Model X from Model Y.

e Include visual aid (images) of the areas where Line Clearance (Change
Over) 1s performed.

Control Phase

The main goal of this phase 1s to establish and implement effective controls
to ensure that the 1dentified causes are effectively 1mplemented.
Improvements mentioned above will be controlled as follows:

e Instruction was included as part of the change over process to verify thru
Lexan 1f a reservoir 1s remaining in the line.

e Visual aid was included in the Kanban area (storage) to separate assembly
(side by side) from each other.

e Instruction included to procedure to perform 200% visual inspection and a
signature 1n system 1s required after inspection.

e Refresh training on affected procedures will be required every 6 months.

Conclusions

The Reservoir assembly process has been improved using the DMAIC
tools. The goals of the project were eliminated product mix defect from
reservoir assembly line in order to avoid customer complaints and comply to
regulatory requirements. Through the result of Six Sigma with the DMAIC
methodology we could notice that our process was not robust and that we
needed to implement measures to be effective.

Monitoring customer complaints for product mix defect.
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